Computational search of promoter DNA sequences helps to identify putative sequence motifs possibly involved in transcription regulation. Several computational tools are available to search a given promoter sequence for potential transcription factor (TF) binding sites or cisacting elements (e.g. Chen et al., 1995; Quandt et al., 1995; Prestridge, 1996; Frech et al., 1997a,b, and references therein). However, when a single promoter sequence is searched using these methods, one often finds several motifs conserved all over the sequence making it difficult to analyse each of them experimentally.
Introduction
Computational search of promoter DNA sequences helps to identify putative sequence motifs possibly involved in transcription regulation. Several computational tools are available to search a given promoter sequence for potential transcription factor (TF) binding sites or cisacting elements (e.g. Chen et al., 1995; Quandt et al., 1995; Prestridge, 1996; Frech et al., 1997a,b, and references therein) . However, when a single promoter sequence is searched using these methods, one often finds several motifs conserved all over the sequence making it difficult to analyse each of them experimentally.
Rather than searching a single sequence, simultaneous analysis of several related sequences can be more informative and useful to identify common regulatory modules. Considering effectiveness of this approach, we developed a web based software tool useful for comparative analysis of evolutionarily or functionally related promoter sequences.
Program organization
The program TRES (Transcription Regulatory Element Search) is written in 'C' and implemented on a Unix server. Using TRES, as many as 20 promoter sequences, each of maximum 1000 bp, can be simultaneously searched for putative regulatory elements. TRES has the following four analysis tools:
1. Matrix search: This program scans the input sequences for conserved TF binding sites using matrices described in TRANSFAC database (Heinemeyer et al., 1999) . From the nucleotide distribution matrices, the position weights and matrix similarity scores are calculated essentially according to Quandt et al. (1995) . 2. IUPAC-string search: Using this program input sequences can be searched for TF binding sites or cis-acting elements based on IUPAC consensus sequences described for the sites. Currently, a total of 3980 TF binding sites from TRANSFAC database (Heinemeyer et al., 1999) , 5919 sites from ooTFD database (Ghosh, 2000) and 240 plant cis-acting elements from PLACE database (Higo et al., 1999) can be searched. 
k-tuple search:
This program searches all possible sub-strings (k-tuples) of length 6 to 50 bases conserved in a given set of sequences. Essentially each k-tuple is a window of size 'k' sliding over all the sequences and searched on both the strands at a given mismatch level.
The interactive web interface enables the user to select program module, choose search parameters and submit sequences for online search. For all the conserved TRANS-FAC, ooTFD and PLACE sites reported in the output file, hyperlinks are provided to the corresponding entry in the respective database and thereby further information can be retrieved.
Discussion
TRES makes use of known information on transcription factor binding sites/cis-elements and at the same time can detect new putative motifs (palindromes, k-tuples or phylogenetic footprints). The main advantage of TRES over other available programs is that it can analyse many related sequences at a time and report only the sites that are conserved in all or in the majority of the sequences. Thus motifs that occur only in one or few sequences, possibly due to chance, can be filtered. On the other hand, TRES identifies motifs conserved across the diverse sequences and such motifs can be expected to be functionally important.
Comparative analysis of orthologous sequences, phylogenetic footprinting, has been shown to be effective to identify evolutionarily conserved functional motifs (Gumucio et al., 1996) . However, for such study it is necessary that selected sequences be from moderately diverse species so that there has been sufficient evolutionary time for mutations to accumulate in non-specific regions (Duret and Bucher, 1997) .
TRES can be also useful to identify common regulatory modules in genes that show similar patterns of expression. Recent developments in micro-array based mRNA quantification techniques make it possible to identify genes with common regulatory programs (Bucher, 1999) . Thus, with ever-increasing sequence information available from diverse species, comparative promoter analysis appears to be a promising strategy to identify regulatory modules in genes of interest.
